This investigation aimed to assess the microbial quality of drinking water produced by drinking water filtration dispenser toll machines (DFTMs) to assess the health risk of DFTM water. A total of 210 samples were randomly collected of 70 DFTMs within a radial distance of 500 metres around Mahasarakham University. The prevalence of Escherichia coli and Staphylococcus aureus in the DFTM water was 54.17% and 16.67% with an average concentration of 1.04 log cfu/ml and 0.26 log cfu/ml, respectively. The risk calculation (using the @Risk program based on drinking water consumption of 2 L/day) indicated that the probability of exposure was 1.67 E-01, while the probability of illness due to E. coli and S. aureus was 2.08 E-03 and 1.58 E-05 and the risk of illness was 1.13 E-03 and 2.64 E-06, respectively. The sanitation status and drinking water quality related to health would be influenced by other pathogens due to the poor hygienic conditions of DFTMs and improper environments.
INTRODUCTION
Water is an essential natural resource for sustaining all living things (Cidu et al. ) and is important for physical and biochemical metabolisms. For health and safety, drinking water must contain very few pathogens and contaminants (Saati & Faidah ) . Currently, water produced by DFTMs (i.e., DFTM water) is an alternative way to provide clean and safe drinking water, and DFTM water is widely popular in global urban communities and rural areas (Moniruzzaman et al. ; Tan et al. ) , also in Thailand.
The Department of Health revealed the quality of drinking water from 40% of DFTMs does not meet the standard requirement (Thai Health Promotion Foundation ). Hence, a microbial risk assessment of E. coli and S. aureus contamination in DFTM water is needed to assessment the adverse impact on public health.
A risk assessment technique for quantitative microbial risk assessment (QMRA) has been recommended by the World Health Organization. This technique is a four-step process, including hazard identification, hazard characterization, exposure assessment, and risk characterization, to quantify human health risk (USDA/FSIS ) associated with exposure to pathogenic microorganisms and the probability of infection and illness (Machdar et al. ; Haas et al. ) . Therefore, an investigation of DFTM water quality and microbial risk assessment using QMRA coupled with Monte Carlo simulations was performed to provide a range of uncertainty for infectious illness risks to human health. In addition, a survey of the sanitation status of DFTMs was undertaken to estimate risk and consider appropriate measures for controlling DFTM water quality.
MATERIALS AND METHODS

Data collection
Samples were collected from tap water before (inlet) and In addition, other data related to the sanitation status of DFTMs were collected by using survey forms and questionnaires about hygiene conditions. Scoring criteria for the hygiene of water vending machines were adapted from the scoring criteria of a factory producing sealed drinking water bottles of Pimmason ().
Water quality analysis
All water samples were analysed as follows.
Physical component:
• pH (electrometric measurement method using a pH meter) • Turbidity (clarity and transparency, which were quantified by a nephelometric method) (APHA ).
Chemical component: 
RESULTS AND CONCLUSIONS
Drinking water quality
The cause or source of contamination in DFTM water is dependent on the tap water quality and DFTM maintenance (Barrell et al. ; Traistaru ) . Based on the water quality study (Table 1) , the physical and chemical characteristics of tap water and DFTM water were generally within the standard levels, except for one sample of tap water (1.43%) with a turbidity exceeding the standard level and one sample of DFTM water (1.43%) with a hardness exceeding the standard level. However, in terms of biological quality, both tap water and DFTM water contained total coliform bacteria, E. coli and S. aureus levels exceeding the standard levels. Fewer DFTM water samples were contaminated with microorganisms than tap water samples, indicating that DFTMs can remove some microorganisms.
Total coliform bacteria and E. coli are used as faecal contamination indicators in drinking water (Gruber et al. ) . 
QMRA
Hazard identification
Pathogen hazards of DFTM water showed E. coli and S. aureus contamination, which might be associated with poor 
Exposure assessment
The E. coli and S. aureus levels in water from DFTMs (n ¼ 210) located within a radial distance of 500 metres around
Mahasarakham University in Mahasarakham Province, Thailand were determined. The results showed that 54.17%
and 16.67% of samples were contaminated with E. coli and S. aureus, respectively. The concentrations of the pathogens in drinking water were in the range of 0.52-3.02 log cfu/ml (average ¼ 1.04 log cfu/ml) and 0.52-3.14 log cfu/ml (average ¼ 0.26 log cfu/m), respectively (Table 2) .
Exposure assessment is a determination of the probability of exposure to E. coli and S. aureus from consuming drinking water. The probability of exposure to microorganisms was calculated from the prevalence value and average concentration of pathogens in drinking water.
The calculation determined the risk consumption in 1 day, and the amount of drinking water consumption for individuals was 2 L/day. The probability of exposure to microorganisms was assessed by exponential analysis using the @Risk program. The probability of exposure to E. coli and S. aureus from the consumption of drinking water was calculated to be 1.67 E-01 (Table 3) . This result indicates the number of people exposed to E. coli and S. aureus for every 100 people that consume drinking water.
Risk characterization
This step estimates the probability and risk of illness from exposure to E. coli and S. aureus in drinking water, and the probability is explained by beta-Poisson. The values of the input variables, including prevalence, amount of water consumed and intake frequency, were randomly taken from the appropriate distributions obtained after 10,000 iterations by Latin Hypercube sampling.
Based on the analysis, the probability of illness from E. coli exposure was 2.08 E-03. The risk of illness from exposure to microorganisms was 1.13 E-03. The risk assessment of the exposure probability to E. coli in drinking water from DFTMs was low (Table 3 ).
The probability of illness caused by exposure to S. aureus was 1.58 E-05. The risk of illness caused by exposure to this microorganism was 2.64 E-06. Therefore, the risk assessment of the exposure probability to S. aureus in drinking water from DFTMs was very low.
Even though E. coli and S. aureus are associated with waterborne diseases, the health risk to people is different.
The susceptible population, such as elderly adults, young children and immunocompromised individuals, has the highest risk of infection and severe illness. Although the risk assessment of the exposure probability to microorganisms indicated low and very low levels, E. coli and S. aureus and other pathogen contamination in drinking water is still a health concern due to poor DFTM sanitation.
DFTM sanitation survey
The relation between the sanitation or hygiene and the quality of drinking water produced by DFTMs was examined by using a biological quality assessment. The results were divided into two groups: samples that did not pass and those that passed the standard criteria. No relation was found between the hygiene of DFTMs and the quality of drinking water (data not shown). Additionally, a relation between cleaning DFTMs and the quality of drinking water produced by the DFTMs was not observed (Table 4) .
The results found no relation between the sanitation of DFTM water and the biological quality of the drinking water. However, previous studies have reported that poor sanitation leads to microorganism contamination of drinking water from DFTMs. Irregular maintenance and cleaning lead to higher levels of bacteria, especially coliform bacteria, on faucets ( Jeena et al. ) . Three factors directly affecting the quality of drinking water produced by DFTMs were reported in previous studies, and these factors are the location of the DFTMs, the drip tray water drainage system, and the pathogen source around the DFTMs. In addition, a pathogen source near DFTM water might cause cross-contamination. The quality of drinking water also depends on the tap water used in the production process (Pratum & Khananthai ) . According to the notification of the Ministry of Public Health, hazardous health activities by the local government shall be subject to the issuance of local regulations for the control of such 
CONCLUSIONS
Although DFTMs are well designed and provide effective treatment processes, including RO, RO and UV and RO and ultrafiltration treatments, this study showed that some water samples from DFTMs had total hardness, total coliform bacteria, E. coli and S. aureus levels that exceeded the standard levels. The QMRA results indicated that the E. coli and S. aureus levels cause illness and are linked to diarrhoeal diseases. In the risk assessment, the values were low and very low. However, E. coli and S. aureus contamination in drinking water produced by DFTMs is a health concern caused by other pathogens due to poor DFTM sanitation conditions. Regular maintenance and cleaning of DFTMs are important to control bacterial growth and the presence of waterborne pathogens. Reducing the health risk for people included using agencies for security surveillance of the drinking water from DFTMs. 
